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1.0 INTRODUCTION 


Contract NAS 1-1537 1 is the chird NASA/LaRC program of Project CASTS, 
Composites for Advanced Space Transportation Systems. The first program 
utilized NR150-B2 polyimide resin and was conducted by General Dynamics, 

San Diego. PHR-15 polyimide resin was the subject of the second program 
conducted by Boeing Aerospace Company. The third program, NASl-15371, uti- 
lizing LARC-160 polyimide resin, was awarded to the Space Systems Group of 
Rockwell International. 

The three programs have as a common objective, the development and 
demonstration of technologies to implement structural application of graphite 
polyimide for 316C (600F) service environment. Technologies evolved from 
these programs will be transferred to Space Shuttle structural flight hardware 
according weight savings not attainable with conventional composite materials. 


2.0 PROGRAM PLAN 

The program is divided into two parts; process devclopmc'’t and dem- 
onstration components. Each consists of several tasks. The program schedule 
is presented in Figure I. The following briefly describes the objective of 
each task; 

Part 1 . Process Development 

Task (a) - Develop a duality assurance program including specification 
for Celion/LARC-160 polyimide materials, quality control of materials and 
processes, including studies of the erfects of monomer and/or polymer var- 
iables on the processibility of Celion/LARC-160 prepreg and on tlie mechanical 
properties of tost specimens fabricated from the prepreg, and NDI of fab- 
ricated components. 

Task (b) - Develop processes for fabricating laminates, liat and "I" 
stiffeners, honeycomb core panels, and chopped fiber moldings. 

Task (c) - Fabricate specimens and conduct tests to qualify the pro- 
cesses for fabrication of demonstration components. 

Part 2. Demonstration Components 

Task (d) - Fabricate and NDI tliroe (3) laminates 61xl22-cra (24x^8-in.) 
with 0, + A5° lay up symmetrical about the neutral axis. Laminate tliickness 
will be 0.0b cm, 0.15cm, and 0.32cm (0.030 in., 0.060 in., and 0.125 in.). 
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Task (e) - Fabricate and NDI three (3) secondarily bonded hat-stiffened 
skin-stringer panels 23cm (9 in.) wide x 122cm (48 in.) long with 3 length- 
wise stiffeners. 

Task (f) - Fabricate six (6) honeycomb core panels 25.4x25.4-cm (10x10- 
in.) with 0.15cm (0.060 in.) thick face sheets with 0^^, 90°, layup symmetrical 
about the neutral axis of the panel. The honeycomb core will be 2.54cm (1 in.) 
thick. 

Ta'-k (g) - Fabricate six (6) chopped fiber moldings according to d 
specimen design mutually agreeable to Contractor and Contracting Officer's 
technical representative. 

Task (h)- Fabricate a representative component of a Space Shuttle aft 
body flap that is mutually agreeable to the Contractor and Contracting 
Officer's technical representative. 

3.0 PROGRAM PROGRESS 

3.1 Task (a) - QUALITY ASSURANCE PROGRAM 

3.1.1 Resin Variables Study Program 

Throe 4.5Kg (10 lb) batches of 30.4cm (12 inch) vjide unidirectional tape 
have been received. These were produced under production conditions with 
separate batches of resin forniulated for each 4.5 Kg (10 lbs.) of preprog 
and will be used to demonstretc formulation repeatability and material us- 
ability over a six month period at -18C(0F) storage and after ambient out- 
time exposure of seven days. 

The rosin batches were formulated within limits established from evalua- 
ting thirteen batches of prepreg, as noted in the 7tn Quarterly Reports, 
which varied in stoichiometry and processing. Formulation and processing 
limits for the three batches were as follows: 


AP-22 + 2.57. by weight 
NA _+ 2.57 by weight 
BTDA ^ 2.5 by weight 

Reflux time - not to exceed 90 minutes at 82 ^ 3C 
(160 +_ 5F> 

Cook time - not to exceed 115 minutes at 82 ^ 3C 
( 180 + 5F) 
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Prcprcg material physical properties specified t.’erc: 

Resin solids: 37 3% 

Volatiles; 12 + 3% 

, 2 
Fiber Areal Weight: !34 ^ 3 grams/m 

Samples of the neat resin and intermediate ester were provided with each 
batch of prepreg. These vrill be used for IIFLC analysis to determine repeat- 
ability and establish a standard for compart son of resin oy;tfacted from the 
prepreg during the storage period. The proposed test program vras presented 
in the 7th Quarterly Report. 

3.2 Task (b) - PROCESS DEVELOPMENT 

3.2.1 Colion/LARC~I60 Process Imitrovement 

Process improvement studies, initia' 'd under NASA/LaRC NA.5I-'''H3 
(Task 14), were further developed under this contract to simplify tlie 
imidizing and autoclave cure cycles. Target iuprovements were as follows: 

(1) Reduce the number of steps in the imidizing cycle. 

(2) Increase the prepreg preform imidizing tempe;-ature and/or time 
at temperature, thereby increasing the LARC-160 resin viscosity 
when hot melt occurs during tlie cure cycle. This v/culd allo„ 
applicai ion of 1378 KN/m^ (200 psi) pressure at the initiation 
of cure at room temperature and, in turn, eliminate the chance 
of error of pressure epp' ication in the t._.nptraturo range of 
274c to 287C (525F to 550F) with the existing cure cycle. 

Allov/ing tlie resin to seek its normal flow point v;hile under 
constant pressure, also eliminates problems related to tempera- 
ture non-uPiformity due to varying part thickness or tooling 
mass . 

(3) Eliminate the intermediate i63C (325F) ‘,-eps in the autoclave 
cure cycle by raising tlie temperature from room temperature to 
final cure temperature within the est.,blished heat rise rate 
band . 

3.2.2 Process Improvement Procedures and Results 

One laminate panel 3U.5x203-cm ( 12x80-inchcs) was laid ^p 26 plies 
thick using U.S. Polymeric batch 2W4612 nominal 67 +_ 3 gr..ins/m fiber ..eight 
prepreg. Physical properties are given in Table 1. Celion fibers employed 
standard Ceiancst epoxy resin sizing. The stacked la'”i.-.r.ti' was vacuum bag 
debulked per the detailed procedures described in the 7th Quarterly Report. 
Bleeder materials, comprised of one ply 120 fiberglass top aiirfacc and tv;o 
plies bottom surface, v.err installed as an integral part of the preform 
during the debulking operation. The debulked and consolidated preform was 
cut into individual panels, 15.2xl5.2-cn (6x6-inchcs 1 , fo\: the imidizing 
study defined in the process development matrix. Table 2. 
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Tlio dolnilki'd lamiiKitos wore imidizi'd in j'.ronp!! ol five pt-r T.iblo 2 
and tin- cycle per I-'i^piro 2 on .standard porloratcd looliii)-, dclim-d in the 7tli 
Quarterly Keport. After imidi/.in)’., each laniinalc wa.s carefully .seel ii>ncd llirii 
tlic center parallel to U)l,,^ direction to provide a 1.27 cm tO.ljO incli) wide 
strip for materials properties test ini',. Ki-sin content and volatile samples 
were extracti-d fiom sections ol each strip and tests performeil. Kesnits i>f 
tliese tests are presented in T.ible 1. Si|;nific.nU results showed residn.il 
volatiles to he ^ 2Z on all stai'.eil paiu-ls indicatinc, eompli-te imidization 
occurs at IhJC (J251') within hi' minute:. I’.nu-ls exposed for lonj’.er times ;md 
hii’.lier temperatures showed no s i i’,n i f i c;nU decre.ise in volatile content Iron: 
those exposed for lesser times and lower temperatures. 

The sectioned panels wi-re carefully reasscmhled at the center line 
with hlecders in place and prep.ired for enrinj-, on st.nul.ird ll.it lamin.ite 
tooline. descrihed in the 7tli tjn.irteriy Keport . The tnodilied panel size 
was l!).2x 13.')-cm (bx5 . b-inches ) . 

Twenty-five imidized panels were auloel.ivi- enr»-ii inuU-r the s.ime ^hap, 
per the cure cycle shown in I'ip.nre 2. Autoclave presmire ol I37S KN/m*" 

( 2U0 ps i ) was applii'd ,il the start of »-nri- ;it room I emper.itnri-. Aetu.il 
.cat rise rate for the cure cycle .iverac.i-d 1.1 tJ.ll'l minnti-. I’.mels were 
suhmilted for NDl I'.-scan lestin;-, ;nul speciim-ns reiiuweil lor physii-.il propi-rties 

L-StS. 

I’.niels were po::tcnred A hours at Titii! ItnlUf), in an .lir c i ren 1 a t i np, 
oven nsinp, stand. ird procedures ileserihed in the Vtli (Jn.irtei'ly Keport. Dnrinp, 
tills process the ovi-n controls ma 1 I nnct ioned .nul spei- ir.ieii.-: wei'e destroyed vjhen 
tlie temper. iLnre reached approx imat <■ ly .'ih2t;( ‘UIDKl , 

'I'he follo'winp, ohserv.it i ons v^jere m.ide on inine I s cnre-l nsinp, the im- 
prov'.'d cycle. 

(1) llip.h resin flow was noted on all panels imidized .it I(i2 .ind 
I77C. (32i and 3501') as indicated hy satnr.ilion oi snrronndinp, 
fiherp.l.tss hreatlu-r layers. I’.nu-ls imidized at Ihl .mil Id'lt: 

( 375 and 390t:) showed excellent comp.ict ion ch.ir.ic t er i s I ics 
.iiid p.ood resin he.ulinp, .it l.imin.ite edp.e;:. 1 he p.inels imidized 
at 21K (-1251'') had minim. il evidence ol resin llo-w. ’Ihe panels 
imidizi'd for 10 and (n) niinnti-s h.id ovi-r.lll i-xcellent cesmet ic 
appe.ir.nu'e while fliosi- imidized tor len)-,er pi-riods .it 2IKt. 

(4251') showed snri.iee ronp.hness d i sc rep.inc i es i nil i c.l t i np, 
in.'idenn.ite resin flow. 

(2) NI'l C-scan testinp. results showed all panels imidized .it l(i2('. 

( 32 51'') IvT t i;ue perii-ils I'l '*0. 121'. 1 5U .inJ If'O minutes 

had void .ire.i d i sc rep.inc ies ranp.inc. hetwi-eii 40 and 80’. Void 
area incre.ised with lesser time at imidizinp. temperature. P.inels 
imidized at 177(' (1501'3 showed nltr.i sonnd penetr.it ion improve- 
ment .-itarlinp, .it 150 minutes with .ipproxim.itely 7'T void .irea 
showinp,. I’anels imidized at IV U' ( 3751') st.irtinp, .it in) minutes 
thru 150 minutes showed 1007; ultra sound t r.insmi ss ion except 
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for aomt* cellulose acetate fiber splice voids. All panels imi- 
dized at 199 and 2I8C (390 and 425F) had lUOS ultra sound trans- 
mlsaion. As previously noted, panels iniidlzln« at 218C (425F) for 
time periods exceeding 60 minutes showed surface roughness irreg- 
ularities duo to resin flow reduction. 

NDI C-scan recordings of each panel evaluated are presented in 
Figures 3 thru 27. 

(3) Physical properties testing results verified imidi/.ing time/ 
temperature relation as observed in panel cosmetic appearance 
and NDI C-scan tests. All panels imidized at 163 and 177 C 
(325 and 350 F) had high fiber and void volumes. Panels imidizod 
at 199 and 202C (395 and 390F) for time periods between 30 and 
150 minutes achieved target fiber volume of 60 Jh 2% void volume 
< 17 .. Those panels imidized at 218C (A25F) for 30 and 60 min- 
utes also achieved target requirements. Panels imidized at 218C 
(425F) for longer time periods had low fiber volumes; void vol- 
umes were 2%. Detailed physical properties are presented in 
Table 1. 

3. 2. 2. 7 Results of this phase of the process improvement study indicate the 
best imidizing time/temperature bands to be in the rang.es of 1910 (375 F) for 
60 to 150 minutes, 199C (390F) for 30 to 150 minutes and 218 C (425 F) for 
30 to 60 minutes. It is planned to fabricate panels by imidizing at the 
extreme ends of each of the above time/temperature cycles. Panels 30. 5x 
30.5x0.20-cm ( 12x12x0. 03-inch) will have a (0, ^ 45, 90)s fibi'r orientation 
and panels 1 5 . 2x 1 5 . 2x0. 165-cm (6. 0x6. 0x0. 065-inch) , a (0).,^^ orientation. All 
panels will be cured under the same vacuum bag using the cure cycle shown 
in Fig, ore 2. Criteria for evaluation will be based on: 

(1) Maximum C-scan penetration at "A” sensitivity 

(2) Fiber volume control to a target 60 ^ 2% 

(3) Measured voild volume: ^\ 7 .. 

14) flcxuri' and .short beam .shear propi'rlies equivalent to 

laminates fabricati’d using the standard process. 

based on these tests, a specific imidizing. cycle will be selected. 

The scleet<nl process will be verified by f abricat ing, "hat" stringers and 
"pi" joint elements. 

3.3 TASK (c) -FAbRICATION AND TEST 

3.3.1 Standa rd Celion/I,AKC-I60 Cure Proces.-: Ver i f ie.it i.'ii 

The standard procedures for layup, debulking, imidizing,, and auto- 
clave curing. Cel ion/LARC- 160 flat laminates described in the 7th Quarterly 
Report were verified during this reporting period. 
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Materials wore supplied by Hexcel, U.S. Polymeric & Fiberite: eight 

batches of propreg from the resin stoicliiometry variable and processing pro- 
gram, Task (a) and three batches of standard prepreg materials with nominal 
ply thicknesses of 0.0635, 0.127, and 0.145mm (0.0025, 0.0005, and 0.0057 
inch) per ply. Detailed prepreg physical properties and bleeder arrangement 
details are presented in Table 3. Eleven laminates, one for each material 
batch, measuring 30^5x30. 5-cm ( I2xI2-inches), and nominally .23-cm (.09 
inches) thick were prepared in a (0, + 45, 90)s orientation using the standard 
processing procedures. All panels wore imidized at tlie same time under one 
bag and autoclave cured, again under the same bag. 

Results of the process verification tests demonstrated: 

(1) 100% C-scan "A" sensitivity ultra sound transmission through all 
laminates. C-scan tost results are shov;n in Figures 28 thru 38. 

(2) Conformance of 60 2% fiber volume targ.et with prepreg materials 

meeting resin content specification requirements. Laminate phys- 
ical properties are given in Table 3. 

(3) Measured void volumes •<’1%. 

(4) A large latitude exists in LARC-160 rosin stoichiometry and 
processing conditions wiierc laminates can be successfully pro- 
duced. 

3.3.2 Honeycomb Sandwich Panel Elements 

The last four sandwich elements required on tlie program were fabricated 
in accordance with processes described in the 5th Quarterly Report and pre- 
pared for test as described in the 7th Quarterly Report. NDl C-scan "A" 
sensitivity tests performed on (O 2 ^5, 0)^. 5 ply, 0.145 mm/ply (5.7 mil/ply) 

skins verified higli quality and arc shov/n in Figures 39 and 40. 

One panel, in the post cured (4 hours Q 3I6C (600F) condition, was 
tested in compression at -168 (-270F). The three remaining panels wore aged 
for 125 hours at 316C (600F) before compression tested at -168 (-270F), RT 
and 316C (600F). All panels tested exceeded the room temperature design 
ultimate requirement of 120 KM (27,000 lbs) or 52.5 RN/(3000 Ibs/inch). 

Failure modes were by skin compression in both face sheets usually near a base 
doubler. Structural elements are shown after test in Figures 41 thru 44. 

Axial load/strain curves were very linear thru failure and are presented in 
Figures 45 thru 48. Detailed compression test data are presented in table 
4. 

3.4 TASK (e) - SKIN'/STRIN'GER PANEL FABRICATION 

Three secondarily bonded hat-stiffened skin-stringer panels were 
fabricated per processes described in previous Quarterly Reports and deliver- 
ed to NASA-LaRC during tiiis reporting period. Panel design and fabrication 
processes were qualified in -132C, RT and 316C compression tost of 23 x 30.5- 
cm (9.0 X 12.0 inches), subelcmcnts as described in the 2nd and 7th Quarterly 
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Reports. 

The panels delivered measured 26xJ22-cra ( 10.2xA8-inches) and incorporat- 
ed three lengthwise stiffeners. I’hotographs showing the skin-stringer paneLs 
are presented in Figures 49 and 50. NDI C-scan recordings of the Fli 34B-18 
adhesive bonded stringer to skin bond areas arc presented in Figures 51 and 
52. 


3.5 TASK (g) - CHOPPED FIBER MOLDING FABRICATION 

Matched metal mold for fabricating individual flexure and tensile 
specimens have been obtained. Process development will start during the 
time period of the 17th Monthly Report. 

3.6 TASK (h) - TECHNOLOGY DEMONSTRATOR SEGI-IENT 

Materials purchased under this contract for fabricating sections of 
the graphite polyimidc technology demonstrator segments (TDS) include I) 
27. 9m^ (300 ft2) of ,439 Kg/m^ (.09 Ib/ft ) FM34B-I8 polyimidc adhesive 
from American Cyanimid and (2) 19 liters (5 gallons) of BR34B-18 primer, 
also from American Cyanimid. The latter material will be used not only 
as the adhesive primer but also as the basic ingredient for formulating 
potting material for reinforcing core in local high load areas such as 
around mechanical fasteners. All the above materials are being stored at 
-18C (0°F) and will be used with TDS fabrication status during the next 
quarter. 
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Figure 3. C-Scan of Laminate Imldlzcd at 163 C, 60 Minutes 
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Figure A. C-Scan of Laminate Imidized at 163 C, 90 Minutes 
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Figure 5. C-Scan of Laminate Imidized at 163 C, 120 Minutes 
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Figure 6. C-Scan of Laminate Imidlzcd at 163 C, 130 Minutes 
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Figure 8* C-Scan of Laminate Imidlcod at 111 C, 60 Minutes 
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Figure 9. C-Scan of Laminate Imldized at 177 C, 90 Minutes 
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Figure 10. C-Scan of Laminate Imldlzed at 177 C, 120 Minutes 
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Figure 13. 


C-Senn of Laminate Imldlzcd at 191 C, 


30 Minutes 
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Figure 14. C-Scan of Lanluate IniMlzeil at 191 C, 60 Mimites 
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Figure 15. C-Scan of Laninate Itnidized at 191 C, 90 Minutes 
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Figure 16. C-Scan of Laminate Imidizcd at 191 C, 120 Minutes 
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C-Sc.in of l.anilnate ImiJlzcd at 191 C, 150 Minutes 
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Figure 18. C-Soan of Laminate Imidized at 199 C, 30 Minutes 
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Figure 19. C-Scan of Laminate Imldized at 199 C, 60 Minutes 
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Figure 20. C-Scan of Laminate imidized at 199 C, 90 Minutco 
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Figure 21. 


C-Scan of Laminate Imldized at 199 C, 120 Minutes 
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Figure 23. C-Scan of Laminate Imidized at 218 C, 30 Minutes 
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Figure 24. C-Scan of Laminate Imidized at 218 C, 60 Minutea 
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Figure 26, C-Scan of Laminate Imidized at 218 C, 120 Minutes 
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Figure 27. C-Scan of Laminate Imidized at 218 C, 130 Minutes 
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Figure 29. 


C-Scan of Process Verification Laminate, Prepreg Batch Flberite C0161 
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Figure 30. C-Scan of Process Verification Laminate, Prepreg Batch Fiberite C0261 
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Figure 31. C-Scan of Process Verification Laminate, Prepreg Batch Hexccl 22945 
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Figure 32. C-Scaii of Process Verification Laminate, Prepreg Batch Hexed 22946 
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Figure 35. C-Scan of Process Verification Laminate, Prcprcg Batch Hcxcel 22951 
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Figure 36. C-Scan of Process Verification Laminate, Pronreg Batch Hcxccl 22952 
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Figure 38. C-Scan of Proceijs Verification Laminate, Prepreg Batch Hexccl 22955 
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FlKure 39. C-Scan of Sandwich Panel Klcment Skin I'X 2^<2 (O 2 , +*^5, 0)t Orlontatior 
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FAILIKG LOAD: 156 KN (35,100 LB) 

Figure 42A. Failure Modes of Sandwich Eleoent EX 241-3A Aged 125 Hours at 
316 C (600 F), Tested at -132 C (-270 F) 
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Figure A3. Failure Modes of Sandwich Element EX 241-2A, Aged 125 Hours 

at 316 C (600 F) , Tested at RT 
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SIDE 2 FAILING LOAD: 136 KN (30,650 LB) 

Figure 43A. Failure Modes of Sandwich Elecenr EX 241-2A, Aged 125 Hours at 

316 C (600 F), Tested at RT 
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FAILING LOAD: 120 KN (27,000 LB) 

Failure Modes of Sandwich Element EX 241-4A, Aged 125 Hours at 
316 C (600 F) Tested at 316 C (600 F) 
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Figure 43. Load/Strair Characterivitics of Sandwich Element EX241-4A Aged 125 Hours 

at 316 C <600 F), Tested at 316 C (600 F) 
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Figure 50A. End Views of Hat Stringer/Skin Panels Delivered to NASA-LoRC 
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Figure 51. C-Scans of Stringer to Skin Bond Joints, Panels EX249/248/245 and EX279/278/277 
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Figure 52. C-Scan of Stringer to Skin Bond Joints, Panel ZX270I278I277 
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59-63 

75-79 

95 (1 splice) 



130 

0.92 

34.9 

Cid 

1.565 

35.0 

53.1 

-0.25 

1.57-1.65 

62-65 

72-77 

100 

J 


199 

30 

1.^1 

35.0 

oed 

1 . 57 ; 

32.3 

61.0 

-Q.19 

1.50-1.60 

60-63 

75-77 

100 1 


Top and bottoa surfaces very 

(340) 

60 

0.67 

35.1 

c*7d 

1.563 

34.9 

56.1 

-0.10 

1.60-1.65 

63-65 

74-76 

100 


saosth and unlfora. ainor fiber 
washing 


90. • 

1 . IC 

33.3 

low 

1.379 

23.2 

59.8 

-0.76 

1.57-1.63 

62-64 

73-75 

100 




120 

0.71 

34.2 

low 

1.560 

34.6 

58.3 

O.iS 

1.63-1.65 

64-65 

73-76 

100 




1 iO 

0.66 

36.7 

low 

1.562 

34.3 

55.2 

-o.oi; 

1.60-1.68 

63-66 

70-75 

100 ^ 



:iB 

30 

1.29 

' 34.7 

low 

1.568 

33.1 

59.9 

Q.13 

1.55-1.63 

61-64 

74-77 

100 ' 


lop and bottoa surfaces very 

(425) 

60 

1.35 

33.2 

low 

1.560 

33.8 

59.0 

0.43 

1.55-1.63 

61-64 

72-76 

100 


saooth and unlfera, ainor fiber 
washing 


90 

1.17 

33.2 

low 

1.565 

34,1 

55.9 

-o.oi: 

1.57-1.65 

62-63 

74-76 

100 J 




120 

i.;> 

34.0 

low 

1.550 

35.1 

56.8 

-0.042 

1.60-1.68 

63-66 

73-76 

100 


lop and bettoa surfaces smooth 


153 

:.;e 

35.2 

low 

1.553 

35.5 

57.2 

0.35 

1.60-1.65 

63-45 

72-77 

95 J 


but appear resin rich due to 
lack of flow, ainor fiber wash 
and resin flash 


3DOO flb^r (epexy resin ilrcd) «ts?loyed by V.3. Poiyaeric Inc. In caiclr.s 30.4 ca (22.0 inches) wide, noaln*l 67 +3 graas/a^ «rtal fiber 
weigh: preyrej. Preprrg— IA aC 160 resin solids: 35 ♦31; volatiles: 12 ♦OX. 

/^) ~ 

C-ne ply ;>C fiberglass top and 1 ply bszccs surfaces used In laidizlng and cure cycles to absorb excess resit to target 60 ^2 co^osite fiber voluae. 
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Table 2. Test Matrix — LARC 160 Imldlzlng and 
Cure Cycle Process Improvement Study 


Imldlzlng 
Temperature 
C (F^ 


Imldlzlng Time 

(Mins) 


163 (325 F) 

60 

90 

120 

150 

180 

177 (350 F) 

60 

90 

120 

150 

180 

191 (375 F) 

30 

60 

90 

120 

150 

199 (390 F) 

30 

60 

90 

120 

150 

218 (425 F) 

30 

60 

90 

120 

150 


Total: 25-6 X 6 - 26 ply 0® onidlrectlonal laminates comprised of 

Cellon 3000 (epoxy aized/LARC 160, U.S, Polymeric Inc batch 
2W4612-2 prepreg. 




Table 3. Prepreg and Composite Physical Properties, Celion/LARC 160 Standard Inidlzing 

and Cure Process Verification^^^ 
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Table 4, Results of Compression Tests on *'Hat" and Stiffened 
Skin and Sandwich Panel Structural Elcments(l) 






Taat 

UtlMta 

Uai 


' ■ 

Ctaaant Cjfl(S(uratl«n 

C«»4ttlcAU) 

Ko. 

c 

(P) 

)» 

(US) 

Raaarkt 

/ ' 



U109/UU0A 

24 

<»» 

120.0 

127,U0) 

Acl»l*va4 daa4|A vUtiftata, cr«rr*ft4lvr f4(lwr» e( 
lial capa with tranaftr t*>ru vaba b^rurrad durtni 
•train |at« readout at 27,150 Iba. Skin and bond 
(•tluT*a wcrv arcendaiT. 



o 

CX104/RXU0B 

24 

<») 

i:o.A 

(27,150) 

l^rhtavfJ daalrn ulilnata - n9 fallur*. Spavltian vaa 
than fadaua ttataj 51 t<> 4?1 of dratf.n wlMnata, 
rnMrraaal»n\’cm|*rffaalnn Uad to 245,000 cv. l«a - tia 
falJura. 

1 

h 7’i-^v 

Av Vi' i'f V» tV vt/ 


tX10!)/CXU0| 

-IJ2 

(-220) 

iu.« 

(24.250) 

Shin «*eairrtaalpn fatlura - load drappad to 19,500 
Iba. XatVtl of i:X109'EXll0l apa.'liirn tvaifd at KT. 
Fillail at f>*« of JatUn ultlMt*. 

Skin vonfrraalcn fatlura, botton 2 cotnara (ellt*vad 
by btii'hllni through botlkti-'iantar. NInct bond 
failure, rantar attlnaar utvdar akin buckla, MX of 
At daatrn ultlnal*. 

/' 

-t 

STMIN CACIS 1 AnO 2 
IFSTALICO 0«t LCVCA 
SAIN DIACCTLT OFFOSITC 


tXH)-i rc 

UA 

(ftOO) 

A7.F- 

(19,750) 

3 AHO a 

© 

kxi 9 )-:a 

•• 

o» 

J20.B 

(27,150) 

Acklavad daal|n uUlataia - falluia. 

/ 


eXl9)>4A 

>n; 

(-220) 

120. A 

(27,153) 

Ai'Ktavad dralan ulttnafa • no fatlura. 

. 

; 


tX19)>)A 

m 

(4(*0) 

124. J 

(22.950) 

Shin (’ospratalon fatlura Inboard of 1 botto* 
vornar (oIloNad ba dt^j^onal akin buiklltt'; toward 
cantor of pant!. Mim'r Jubond uniat iantar atllnaar. 
FallaJ at 10**. o( XT iaatfn ulileMta. 




cxm/txiu 

24 

(2») 

121.4 

(21,147) 

Achlavad Jofttan iilttnata - no lallula, 



o 

mn/rxm 

-U2 

(-220) 

124. A 

(28. U7) 

AvhlaveJ Jafttan ultlorta - n.* lailura. Krtaat •>( 
CXm/IXlll laatad at XT. 



txm/txiii 
EX19A-1 PC 

24 

3X4 

(21) 

(AOO) 

121.4 

121.4 

(28,200) 

(28,187) 

Avhlrvad daatrn ultlBata - n<i falluia. Xataat ul 
FXm.'LXIU tcatad at XT and -270 

A.Mrvad dralan uUlaaia • alnot akin <onrrraal»n 
falluia In 1 rornar. 9ld n*>( cauaa di»p in load' 
No dtbunda. 










STMIn ZKH 3 AH5 A 
mSTAlLCO OH i:wfA 
s<|l« 8FFC3ITC 1 AND 2 

0 

CXt«4>2A 

tXI94-^A 

2A 

•1)2 

(71) 

(-270) 

121.4 

121.7 

(28,187) 

(28,210) 

AiblavaJ daalan u)tln.«ta - iwr (alluta. 

A.'Mavad dtilan ultlatta. C<<irpl aaiil»n falluta I'f 
akin atarilna at 1 uprai rornar aaimJa inS>ard 1 
lnrt>> TVvj acrinaar rape anJ wrta alao latlad In 
4'oapi ata i.ia vltK rapa apllidna aiil,,lly. \u daWnda. 




CXI9A>)A 

)U 

(400) 

121.4 

(21. Id?* 

Arhlavad daatsn uUlnatr - n.* fallutr. 

/ ‘ 





(’)) 

I21.7 

C*.,.* / 

A.'hlavad roQulraJ 0.5) *Ct/a (JCl>0 lt<aMn.-h* 
ronpraaalon load. Skin ro«praaaloii failbiaa 
occurred alons ajfra of bottoa doublara. bo dtbonda. 

^ / 



o 

cx:4i-irc^'^ 

•U2 

(•2?0> 

il.0.1 

UA.OOO) 

Avhlrvad 1)1, KT Jralcn ultliuta. lusirraaalon fallutr 
both akina rvant to dv-wblar, 

1 

- 

\ ijr 


rX150-2 

)U 

(40vM 

97. At 

(22. COO) 

Skin .'onrrraaion 1 alia only, top cornet, 1.12 Imh 
above doublar at aJpa, axtenda 1.0 tn.haa Inboard. 
A.'Wlavad (■)*• of XT ra^ulretx-nt of 0.5) KN'« 

()000 Ibo tn.K). No drbonda. 



tmiN &ACI1 6. ANO 







1 ^ 

f lAsrAuto ca lOwtA 
$«1»1 OFFCHU J, 1, 
AS) 3 



24 

(71> 

1 *4. * 

OO.MO) 

A^Mrv'Od ||tt KT daal«n ultimata. i'«v*rte»a Ion tallMlr 
both aktna nekt tn di'wbiri; aleo torr thear fallurr 
aflar akin fatlura d>a In InataHlUv. 



© 

kX.'ll-U*’’ 

-1*2 


11^. 1 

05.1.H') 

AchlevaJ 1 W)* XT daalta ultimata. I'lvonraaeien falluia 
b.-t*t akina t.O Inch above do>tMat and naal to doublat 

t / 




*14 

(too) 

120.1 


AcMavrd lOc't XT Jrilit u'.tlNatr. l'i'#rraatlon faMuir 
1 akin neat to dr^ibler and 1 akin 1,0 Inch abovo 
■lOub • a r . 


(1) 

(j> 


ar* «s4 afti L^aJ/Straln cwrvac ar* ^rforntriS 

ihroufh 74 

CofvJtIton 2i r«*(cwra4 4 hv'vra at 3lti C (600 F,*; } a{«4 12) ftovra at lit C (tOO f) 

Faw <Jata 
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